Some studies in the field of ethnobiology investigate the knowledge and use of biological resources, especially medicinal plants, to infer the resilience of local medical systems. However, little is known about the resilience of such systems in the context of the distribution of knowledge among individuals in the studied communities. For example, although a medical system is formed by a diverse set of species, the distribution of knowledge may be limited to a small number of individuals, which reduces its flexibility and does not favor its resilience. Thus, this manuscript proposes the hypothesis that the medical system appears resilient when assessing the knowledge of the individuals who compose the system. The knowledge of medicinal plants for the treatment of therapeutic targets among the individuals is used as an example. Additionally, predictions are made and a methodological protocol is described to test the hypothesis by a simple analysis.
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Background
Various human groups in distinct environments are related to conditions that alter their health status, leading the groups to form medical systems. In this manuscript, we understand a medical system to be a cultural system, as defined by Kleinman (1978) , made up of knowledge shared by a human group related to the identification of illnesses, locally known associated symptoms and causes, and strategies developed to resolve such health issues.
Regarding the treatment of illnesses, several studies have contributed to the knowledge of how plant resources are incorporated in medical systems as a culturally shared strategy for the treatment and/or prevention of illnesses (Ankli et al. 1999; Stepp & Moerman 2001; Waldstein & Adams 2006; Alencar et al. 2010) . Considering that medical systems feature a strong adaptive component, some researchers seek to investigate the resilience of such systems by assessing features of the system that lead to the maintenance of plant use and thereby the health of the persons who participate in the system (Ladio & Lozada 2004 , 2008 , 2009 Albuquerque & Oliveira 2007; Ferreira Júnior et al. 2011) . For example, Albuquerque & Oliveira (2007) argue that categories of illnesses with few options of species for their treatment create more vulnerability than local categories of illnesses with several options of species, based on the assumption that any disturbance that reduces the availability of medicinally useful species at any given moment can seriously affect the categories with few available species. Such categories with few species reduce the flexibility of the system in the face of "disturbances", suggesting points of low resilience (see Ladio & Lozada 2004) .
Resilience is defined in this work as the capacity of a system to absorb disturbances and reorganize after their occurrence to maintain the system's functions (Holling 1973) . It is important to consider resilience as a multi-dimensional property that involves various factors acting together. Therefore, resilience is very difficult to measure directly, even if all the variables are considered individually. However, an acceptable assumption to allow an approximation of the phenomenon requires that the system under study exhibit an expected behavior, functioning within the normal limits of a natural system (Ungar 2012) .
In the ethnobiological literature, when considering the studies of the resilience of medical systems, the functional perspective of those systems has still barely been explored. Current studies of resilience have explored the use and knowledge of resources by groups of people but do not consider the distribution of that use/knowledge among individuals and its implications for the resilience of the local medical system. The study of the distribution of knowledge allows patterns of consensus and variations of knowledge to be understood in human populations (see Hopkins & Stepp 2012 ). In addition, such a study enables the factors that lead to this variation to be understood. Many studies have found that knowledge about medicinal plants is not distributed evenly, with differences in knowledge according to socioeconomic factors (Hanazaki et al. 2000; Quinlan & Quinlan 2007; Silva et al. 2011) and depending on the mechanisms of cultural transmission (see Cavalli-Sforza & Feldman 1981) .
In this sense, the distribution of the knowledge of individuals in a medical system is influenced by many factors. However, even with this complexity, the study of this distribution can provide important information about the resilience of local systems. For example, although a medicinal category has many options of species for treatment in a system, that category may be known only by few local inhabitants, which would lead to greater vulnerability of that category compared to others that are well-known by most people (see Ferreira Júnior et al. 2011) . Similarly, a system may involve many illnesses with various options of species, thus indicating various points of resilience; however, most people know few plants to treat those illnesses, leading to greater vulnerability of those people. This example demonstrates that the distribution of knowledge in the population has a key role in understanding resilience. If that knowledge is not shared and perpetuated (by cultural transmission) the system does not function flexibly.
This paper presents a first attempt to consider the distribution of knowledge to sum up the interpretations regarding the resilience of local medical systems. The present manuscript proposes a hypothesis and a study design that considers the knowledge among the individuals in a community or population as a unit of analysis, to assess the contribution of the actors in a medical system to the resilience of that system. Thus, we present the following research question: is the local medical system resilient based on assessments of individual knowledge?
Introducing the hypothesis
In accordance with the background above, this manuscript proposes the hypothesis that a local medical system proves resilient when considering individual knowledge of medicinal plants (Table 1 ). This hypothesis assumes that in a medical system based on the use of plants, an individual who knows many therapeutic targets treated with various medicinal plants may be considered less vulnerable to adversities, in the sense that he/she can better maintain his/her health by taking advantage of resources available in the environment (see Ladio & Lozada 2008; Ungar 2011 ) compared to other individuals who know few illnesses and few plants. The performance of this practice by many individuals allows the system to remain functional over time by cultural transmission, making it possible to observe the role of individuals in the resilience of the system. Therefore, it is expected that for a local medical system in which there is no strong unbalancing factor, the distribution of knowledge among individuals takes the shape of a normal curve. To test the present hypothesis, it is necessary to describe some assumptions on which our idea was constructed.
The hypothesis proposed herein is based on an ideal scenario, in which there are not strong unbalancing factors that generate discrepancies in the distribution of knowledge within a local medical system. For example, an individual's age and gender are assumed to be variables that do not strongly influence the distribution of local knowledge. Medical systems in which these factors have a strong influence can cause the distribution of knowledge to depart from the shape of a normal curve. Furthermore, mechanisms of cultural transmission should also be considered as generators of variation in the distribution. Cavalli-Sforza & Feldman (1981) proposed models of knowledge transmission that incorporate vertical transmission, which occurs through contact between members of different generations of the same family, and horizontal transmission, which occurs through contact between members of different families. The authors reported that a more heterogeneous structure of knowledge within a system can be expected in the mechanisms of vertical transmission, as individuals do not communicate new knowledge (or innovations) with each other over time. However, a system characterized by horizontal transmission produces less heterogeneous knowledge between individuals. Accordingly, the proposed hypothesis proposed suggests that the local system contains mainly horizontal mechanisms of transmission, minimizing discrepancies among individuals.
Based on this ideal situation, most individuals are expected to share a mean amount of knowledge with each other, and few individuals are expected to share much and little knowledge, i.e., a distribution of knowledge that fits a normal curve. By applying this prediction to understand the resilience of medical systems, we present the following theoretical scenarios under which our hypothesis can be tested.
Scenario 1: illness as a disturbance of the medical system
Studies in medical anthropology have discussed how diseases have influenced human evolution over time (see Brown 1987; Wiley 1992) . Some authors claim that the formation of medical systems can be considered an adaptive response to the resolution of health problems (Dunn 1976; Kleinman 1978; Henrich & McElreath 2003) . Thus, we assume that diseases are disturbances that can lead to greater changes in medical systems, and consequently, individuals of a cultural group who know the treatment for many illnesses through the use of plants can be considered less vulnerable than those who can only treat a few illnesses by using plants, regardless of the number of plant species known for each illness.
Thus, the following prediction can be developed to accept the proposed hypothesis, considering illness as the level of disturbance of a local medical system: It is expected that the knowledge of individuals of a given local population regarding treatment with medicinal plants follows a normal distribution, which would show that most individuals report nearly half of the illnesses known by local experts, or those people who exhibit the highest levels of knowledge in the community. This situation may lead to less vulnerability for most of the individuals studied in the case of illness and promote the resilience of the system. A different situation would be a non-normal data distribution, with many discrepancies, exhibiting both many individuals reporting many illnesses treated with plants (less vulnerable) and a high proportion of individuals reporting few illnesses that can be treated with plants (more vulnerable) (Figure 1 ).
Scenario 2: disturbances that can threaten the availability of medicinal species in a medical system
Other disruptions can threaten local medical systems, in the sense that such disruptions can alter the availability of medicinal species. Disruptions may include local practices, deforestation, climate changes, and other factors. The notion of utilitarian redundancy, proposed by Albuquerque & Oliveira (2007) , can be interesting for observing aspects of resilience of local systems facing such disturbances (see also Ladio & Lozada 2004) . One redundant medicinal category is that which features many species for treatment; this flexibility does not occur in low-redundancy or nonredundant categories in which there are few species or only one for treatment, respectively. When considering the dynamics of medical systems, redundancy has a functional interpretation for the system, in the sense that a large number of species in a medicinal category can provide greater flexibility during selection when one species is no longer available in the environment (Albuquerque & Oliveira 2007) .
In this scenario, an individual who knows many species to treat his/her illnesses is less vulnerable than one who knows few species. A second prediction can be constructed to accept the proposed hypothesis, considering the disturbances that threaten the availability of medicinal species: It is expected that most of the individuals in a studied community will be concentrated around the mean for the number of species reported for each illness, or redundancy, a situation that once again takes the shape of a normal distribution (see Figure 1) .
Figure 1. Possible results for the distribution of respondents regarding the number of illnesses reported as treatable with medicinal plants. (A)
The expected situation for the confirmation of the hypothesis, in which the distribution of knowledge among individuals add to the resilience of the system. In the situation shown, it is expected that a greater proportion of individuals will be around the mean (indicated in blue on the graph) for the number of reports by each respondent. (B) The situation in which the hypothesis is rejected, in which a large proportion of individuals report many illnesses but another large proportion also reports few illnesses treatable with medicinal plants. These two situations may also be possible results for a distribution of respondents regarding the number of species used for each of the illnesses reported. Table 1 . Hypothesis and predictions to assess the resilience of a medical system based on the knowledge of each individual that composes it. Scenario 1 considers illness as a disturbance of a local medical system; Scenario 2 considers disturbances that lead to a decrease in the availability of medicinal species in local medical systems.
Hypothesis A local medical system proves resilient when it displays the expected behavior, functioning within the normal limits of a natural system Scenario 1 Prediction The distribution of knowledge among individuals based on the number of illnesses reported is expected to follow a normal distribution from a probabilistic perspective.
Scenario 2 Prediction
The distribution of individuals based on the number of plants reported for treating each therapeutic target is expected to follow a normal distribution from a probabilistic perspective.
Testing the hypothesis
We offer a simple methodological protocol to test the proposed hypothesis. When working with a local community, for example, it is important to first identify the elements of their medical system, such as (1) the set of therapeutic targets that are treated with local medicinal plants and (2) the set of plants reported for treatment of therapeutic targets. We define therapeutic targets as the conditions of illness expressed by the community, which do not always follow the biomedical model of disease. The therapeutic targets may include symptoms, such as inflammation and fever, or a set of symptoms that constitute a more complex condition, such as pneumonia or cancer. Considering that the conditions indicated by the people themselves best describe a local medical system (see Beiersmann et al. 2007; Ferreira Júnior et al. 2011) , we suggest that the researcher use "therapeutic targets" as a study unit instead of "illnesses" to facilitate data standardization and comparison of results among different local systems.
Data can be collected through semi-structured interviews, applying the technique of free listing, to obtain from each respondent the number of therapeutic targets treated with plants in addition to the number of plants for each therapeutic target, as a measure of redundancy (see Albuquerque & Oliveira 2007; Ferreira Júnior et al. 2011) . At the conclusion of this stage, one has a general view of the treatment strategies involving medicinal plants that compose the local medical system. From this perspective, one can infer the resilience of the system. A system rich in knowledge of how to treat locally recognized therapeutic targets can be considered only slightly vulnerable to the disturbances noted in the two scenarios described; i.e., the system is resilient. One should remember that the sampling should be representative of the proportion of gender and age classes of individuals, which will be of fundamental importance to consider the variations in the distribution of knowledge.
The analysis in a second phase will focus on the individual. The aim of this stage is to determine how much the knowledge of each individual reflects the information compiled in the local system. At this point, we separate the approaches present in the two scenarios only by didactic nature. In the scenario in which the only disturbance assessed is the illness, we consider the following hypothetical case: a system contains 150 therapeutic targets that are treated with plants. One individual recognizes approximately 70 targets that can be treated by using plants, while another individual only reports two targets present in the system. It is accepted that the former respondent is less vulnerable than the latter because he/she holds more knowledge on the use of medicinal plants that can be applied to different targets. To evaluate the proposed hypothesis, the researcher should enter the number of therapeutic targets reported by each respondent into a single column in a database. Using this column, one can perform a normality test to observe the normality of the data in a frequency histogram of respondents based on the number of therapeutic targets reported. Important normality tests that can be applied are the Shapiro-Wilk test, for samples of up to 50 individuals, or the Kolmogorov-Smirnov test, for samples of more than 50 individuals. After applying the test, if the data distribution is normal, the proposed hypothesis is accepted because most of the individuals are distributed around the mean number of reported therapeutic targets treated with medicinal plants ( Figure 1A ).
For the scenario in which the disturbance assessed can affect the availability of local medicinal species, one should obtain the number of plant species that the individual knows for each therapeutic target that he/she reported. After obtaining that number for each target, the following formula can be used to quantify redundancy:
Where is the measure of the redundancy of therapeutic targets reported by the person , in other words, the sum of the number of species reported for each target divided by the total number of targets reported by the respondent. The minimum value obtained using this formula is 1.0 (when the individual reports only one species for each therapeutic target that he/she indicated, showing that there is no redundancy in the categories). An increase of the value of this index represents an increase in the redundancy of the designated medicinal categories.
Below is an example to demonstrate how the calculation is performed: in this case, a respondent indicated three therapeutic targets (fever, migraine and inflammation), with four species for each target; therefore, this respondent would have a value of 4.0, calculated as follows:
To test the proposed hypothesis, a column containing the values obtained for from each respondent can be constructed and subsequently subjected to a normality test. After applying the test, one can assess whether the distribution of the respondents based on the values is normal, in which case the proposed hypothesis is accepted because most of the individuals are distributed around the mean for the number of species reported for each therapeutic target. A different situation would be found for a non-normal distribution, which would show a large number of individuals who reported few species for each therapeutic target (low redundancy/more vulnerable individuals) and also a large number of respondents reporting many species (high redundancy/less vulnerable individuals) (Figure 1) .
Implications of the hypothesis
If the proposed hypothesis is true in at least one of the two proposed scenarios, this result suggests a system in which people are adapted to illness events. If the hypothesis is not true, some features of the system can be studied. In this case experts may exist in a community, such as shamans or healers, among others, who may hold the knowledge of plants used for treating illnesses. Additionally, other factors such as gender, age, income can influence the distribution of knowledge of medicinal plants, which may be important generators of discrepancies in the data distribution and should be taken into consideration by the researcher when testing the proposed hypothesis.
One application of our approach is that the present hypothesis can be tested by comparing different medical systems. For example, a comparative analysis of two or more systems can in the future determine which factors (cultural, environmental, social, among others) can explain systems with individuals who reinforce or do not reinforce the resilience of those systems.
For ethnobotanical studies, this approach is a first step to understanding how individuals are resilient in terms of the use of medicinal plants within a local medical system. The present method is not a conclusive approach for assessing resilience at an individual level, given the complexity involved in assessing an individual's resilience (see Ungar 2011 Ungar , 2012 , but it provides an initial proposal using an analytic tool to initiate discussion and can also be applied in areas of medical anthropology, which also seek to study the structure and function of medical systems (Berlin & Berlin 2005; Waldstein & Adams 2006) .
